The details of 60 patients scheduled for emergency coronary artery surgery are presented. Forty-two patients were categorized as having "impending" infarctions and 18 were operated on within 4 hours of sustaining acute myocardial infarctions. The patients presented with different haemodynamic disturbances and the selection of anaesthetic drugs was modified accordingly. We have found that conventional anaesthetic methods, conservatively applied, can be used safely in this group. The induction of anaesthesia and the increase in arterial oxygen tensions obtained by controlled ventilation produced an improvement in e.c.g. signs of ischaemia, and also reduced myocardial irritability. Circulatory complications were treated according to information obtained from simple monitoring techniques. The responsibility of the anaesthetist in postoperative care is emphasized and a regime of postoperative ventilatory management is described.
The details of 60 patients scheduled for emergency coronary artery surgery are presented. Forty-two patients were categorized as having "impending" infarctions and 18 were operated on within 4 hours of sustaining acute myocardial infarctions. The patients presented with different haemodynamic disturbances and the selection of anaesthetic drugs was modified accordingly. We have found that conventional anaesthetic methods, conservatively applied, can be used safely in this group. The induction of anaesthesia and the increase in arterial oxygen tensions obtained by controlled ventilation produced an improvement in e.c.g. signs of ischaemia, and also reduced myocardial irritability. Circulatory complications were treated according to information obtained from simple monitoring techniques. The responsibility of the anaesthetist in postoperative care is emphasized and a regime of postoperative ventilatory management is described.
Elective direct myocardial revascularization procedures arc being performed in ever-increasing numbers, and these surgical techniques have been applied successfully in emergency situations (Favaloro, 1970; Favaloro et al., 1971) . Based on our experience in 100 patients, we believe that anaesthesia can be safely administered to patients who have sustained recent infarcts or to those with impending infarctions. An improved knowledge of the abnormal physiology associated with acute coronary artery insufficiency leads us to conclude that these derangements may actually improve in the anaesthetized state.
The overall hospital mortality in 100 patients operated on soon after infarction or with "impending infarctions" has been 6% (Cheanvechai et al., 1973) .
PATIENTS STUDIED
Data on our first 60 patients are shown in tables I and II.-Either angiography had been performed before the acute attack, or the patients were in the hospital awaiting catheterization, developed symptoms, and were thereafter catheterized immediately. Thirty-two patients had impending myocardial infarction characterized by anginal pain lasting more than 30 min and unrelieved by coronary vasodilators. They had signs of myocardial ischaemia in the e.c.g. tracing but no evidence of transmural infarction. Serum s.g.o.t. and l.di. concentrations were normal but the c.p.k. concentration was increased. Eighteen of these patients had arterial pressures and pulse rates within normal ranges. Fourteen patients had tachycardia and hypertension, and, of these, 4 had arrhythmia.
Eighteen patients had proved myocardial infarction as evidenced by e.c.g. changes typical of transmural infarction and elevation of the s.g.o.t. concentration. In 10 patients an adequate arterial pressure was maintained and there were no clinical signs of left ventricular failure or pulmonary congestion. Eight patients in this group were in "cardiogenic shock". The condition of these patients was characterized by hypotension, pulmonary congestion, and severe arterial hypoxaemia.
Preoperative direct left ventricular end-diastolic pressure (l.v.e.d.p.) measurement was normal in 36 patients fl.v.e.d.p.=5-12 cm H 2 O), was mildly impaired in 18 (l.v.e.d.p. = 12-20 cm H 2 O) and severely impaired in 6 patients (l.v.e.d.p. greater than 20 cm H 2 O).
Anaesthetic management.
The dose of premedicant drugs was reduced if the patient had received narcotics for chest pain or during cardiac catheterization. Patients who had not received drugs before operation and in whom cardiogenic shock was not manifest were given intramuscular papaveretum 0.2-0.4 mg/kg body weight and promethazine 0.4 mg/kg at least half an hour before induction of anaesthesia. An intravenous infusion, e.c.g. leads and mean arterial pressure monitor were connected before induction. Anaesthesia was induced in the operating room with the surgical team ready to operate and the heart-lung machine assembled.
The patients were managed as follows: Group A: The patient with an empty stomach. The choice of induction agent and muscle relaxant depended on the clinical conditions and the arterial pressure.
(1) Patients with impending myocardial infarctions whose arterial pressure was normal or increased were given thiopentone, 3 mg/kg followed by 0.5-0.75 mg/kg of tubocurarine.
(2) Mildly hypotensive patients with impending or established infarctions were given thiopentone followed by pancuronium bromide 0.1-0.12 mg/kg.
(3) In patients suffering from "cardiogenic shock" anaesthesia was induced with diazepam 0.15-0.2 mg/kg and pancuronium bromide 0.1-0.12 mg/kg. Group B: The patient with a suspected full stomach. Each patient was preoxygenated for 3 min, 3 mg of curare was injected intravenously, followed by a modified dose of thiopentone 2-3 mg/kg body weight. Cricoid pressure was then applied, and when unconsciousness ensued, suxamethonium 1.5 mg/kg body weight was injected. Muscle relaxation was maintained with either tubocurarine in normotensive patients or pancuronium in hypotensive patients.
Anaesthesia was maintained with 60% nitrous oxide in oxygen to which was added 0.2-0.4% methoxyflurane. Increments of tubocurarine 6-9 mg or pancuronium bromide 2-3 mg were given as needed to ensure diaphragm quiescence. In patients with renal disease, intermittent injections of a narcotic analgesic (e.g. papaveretum) were substituted for methoxyflurane; the total dose used did not exceed 75 mg. Nitroglycerin 0.2-0.4 mg of a freshly prepared solution (0.4 mg/ml) was injected i.m. or i.v. at least every half hour depending on the level and response of the arterial pressure.
Monitoring.
Arterial Po 2 , Pco 2 , and pH, and the serum potassium concentration were measured every half-hour. Artificial ventilation was adjusted to maintain the Paooj at about 35 mm Hg and the Pa 0 , at approximately 150 mm Hg. Acidaemia was corrected by sodium bicarbonate (0.13 X base deficit X weight in kg). The serum potassium concentration was maintained close to 4.5 m.equiv/1.; any deficit being replaced by a slow infusion of potassium chloride (80 m.equiv/1.). Mean arterial pressure was monitored continuously using an anaeroid manometer (Hale, 1964) . Central venous pressure was measured with a simple water manometer. Left atrial pressure was measured manometrically from the left atrial "vent" at the beginning and termination of bypass and subsequently by a catheter inserted directly through the junction of the right inferior pulmonary vein with the left atrium ( fig. 1 ). The possibility of air embolism was eliminated by using a closed system and the mid-axillary line was used as the zero reference point.
Cardiopulmonary bypass.
Every effort was made to maintain continuous coronary perfusion, minimizing the period during which the aorta was cross-clamped. The heart was fibrillated to facilitate surgical intervention. When multiple grafts were performed, the most ischaemic area was revascularized first. Normothermic perfusion was employed using a "bubble oxygenator" (Travenol) and a flow of 2.5 l./m 2 surface area. Halothane 0.5-1% was added to the oxygenator during bypass to maintain unconsciousness and optimal tissue perfusion, a narcotic analgesic being used if there was a previous history of hepatitis. Arterial hypertension was treated with intermittent injections of 0.2-0.4 mg of nitroglycerin solution. Long acting vasodilators were avoided to ensure maximum flexibility after withdrawal of pump support. The average duration of total cardiopulmonary bypass was 15 min for each distal anastomosis.
Withdrawal from cardiopulmonary bypass.
The proximal anastomoses were completed with the aorta partially clamped, either off or on partial bypass. Any abnormalities in arterial pH, Po 3 and Pco 2 , and serum potassium were corrected and an adequate circulating blood volume was ensured. At this stage monitoring information was correlated (Estafanousj Viljoen and Loop, 1972) . In general if the left atrial pressure was less than 15 cm H,0 and the arterial mean pressure exceeded 70 mm Hg, bypass was discontinued. An increasing left atrial pressure accompanied by either a static or decreasing arterial mean pressure indicated the need to return to partial bypass until the proximal anastomoses were completed. The blood flow through the grafts was measured with an electromagnetic flowmeter (Micron Instruments, Model No. RC 1000). Pacemaker wires were inserted routinely in all patients who had myocardial irritability before or during the procedure.
After termination of bypass the most common causes of hypotension and their treatment were as follows:
(1) Hypovolaemia, as manifested by low arterial mean, low central venous and low left atrial pressures and an increasing pulse rate was treated by blood volume expansion. In the presence of left ventricular impairment, changes in left atrial pressure measurements are the most sensitive index of the response of the heart to transfusion.
(2) Arrhythmias (a) Arrhythmias accompanied by hypokalaemia were treated by a 5-7 m.equiv bolus of potassium chloride followed by a dilute infusion of potassium chloride (8 m.equiv/100 ml).
(b) Sinus and digitalis induced bradycardia were treated with intravenous atropine sulphate (0.5-1 mg).
(c) Atrial fibrillation was treated by d.c. countershock.
(d) A fast ventricular response to a persistent supraventricular arrhythmia was treated by rapid intravenous digitalization.
(e) Persistent ventricular arrhythmias were treated with either lignocaine, procainamide, or diphenylhydantoin (Dilantin). These drugs should be given slowly as they not only depress ectopic foci but may also adversely affect myocardial contractility and cause hypotension.
(f) If arrhythmias were accompanied by ischaemic change in the e.c.g. nitroglycerin 0.2 mg was administered intravenously and repeated as necessary.
(g) If ventricular tachycardia, or fibrillation occurred, d.c. countershock was applied.
(h) When these arrhythmias were refractory to drug treatment, external pacing was used.
(3) Cardiac decompensation, as manifested by a decreasing arterial mean and increasing central venous and left atrial pressures:
(a) If the puke rate was between 80 and 100 beats/min, calcium gluconate 1 mg was administered.
(b) In the presence of a normal or slow pulse rate, particularly as a result of conduction defects, a beta receptor stimulant, isoprenaline 0.4 mg/250 ml was infused.
(c) If the pulse rate was more than 100 beats/min, digitalis was given, lanatoside C (Cedilanid) (0.8-1.2 mg) was administered pro-vided the serum potassium concentration was greater than 4 m.equiv/1. A modified dose was given to patients who had received digitalis previously. As a last resort, a dilute infusion of adrenaline (1 mg/250 ml) was used. When isolated right or left heart failure was manifest, adequate blood flow through the grafts was confirmed with an electromagnetic flowmeter. The intraoperative complications in these patients are listed in table HI.
(b) Absence of serious arrhythmias particularly those of ventricular origin.
(c) No bleeding. (3) Intact neurological status, the patient being conscious, alert and co-operative.
The ventilatory care of the patients was undertaken by the anaesthetists for the first week after operation and the following regimen was observed. Oxygen, 3 l./min via a nasopharyngeal catheter was given for the first 24 hours after removal of the 
Postoperative care.
Ventilation was controlled in all patients for the first 24 hours after operation. A volume cycled ventilator (Emerson) was used, the percentage of oxygen administered and the pattern of ventilation (tidal volume and respiratory rate) being adjusted to achieve a Pao, greater than 100 mm Hg and Pa C o 3 of about 35 mm Hg. In general, a tidal volume of 10-12 ml/kg, at a rate of 10-12/min was used. If the (A-a)Po 3 difference was greater than 300 mm Hg positive end-expiratory pressure (PEEP) was applied. Severe respiratory alkalosis during artificial ventilation was prevented by adding an appropriate artificial deadspace.
On the day following surgery the patient's ventilatory status was assessed. The following criteria were fulfilled before the endotracheal tube was removed (Estafanous and Viljoen, 1973) .
(1) Adequate respiratory function as indicated by:
(a) Tidal volume not less than 300 ml and vital capacity of at least 1000 ml.
(b) Pao-not less than 80 mm Hg while breathing 40% oxygen in nitrogen.
(c) Ability to generate an inspiratory pressure of -20 mm Hg (as an index of ability to cough).
(2) A stable circulation defined as:
(a) Mean arterial pressure greater than 70 mm Hg and a left atrial pressure less than 20 mm Hg without cardiac stimulant drugs. endotracheal tube. Intermittent positive pressure ventilation (IPPV) using a Bennett PRU ventilator, was administered for 10 min every 4 hours for the next 3 days. Routine chest physiotherapy, breathing exercises, postural drainage, and percussion were performed at least twice daily. Any pulmonary complications were treated vigorously. If artificial ventilatory support was indicated for more than 72 hours a tracheostomy was performed, and a low cuff pressure tracheostomy tube was used. The endotracheal tube was removed in 52 patients 24 hours after surgery and in 5 patients in the next 48 hours. However, 3 patients needed prolonged ventilatory support.
Postoperative analgesia was provided by papaveretum, 0.3 mg/kg of body weight; one-half this dose was given i.v., the other half i.m. These doses were repeated as needed.
Continuous coronary vasodilatation was obtained with isosorbide dinitrate 2.5 mg, administered sublingually every 2 hours during the first 24 hours and thereafter 5 mg every 4 hours. In the presence of chest pain or S-T segment elevation on the e.c.g., nitroglycerin 0.2 mg was administered i.v. and repeated if necessary. The systolic arterial pressure should not be less than 80 mm Hg and the drug should be given cautiously so as to avoid precipitous hypotension.
The serum potassium concentration was estimated and corrected at the end of the operation, Downloaded from https://academic.oup.com/bja/article-abstract/46/12/953/365394 by guest on 20 March 2020 particularly in the presence of arrhythmias, poor myocardial contraction, and when the urine output was excessive. Further measurements were made at least daily for the first 3 days.
Postoperative hypotension and arrhythmias were treated as outlined previously. After relieving pain, shivering, apprehension and ensuring adequate ventilation, postoperative hypertension was controlled with intravenous and/or intramuscular nitroglycerin; if adequate control was not obtained with this drug, 5-mg doses of promazine were given intravenously up to a total of 25 mg. Two patients were resistant to these measures and a sodium nitroprusside infusion (5 mg/100 ml) was used. This was necessary for 4 hours in the first patient and for 8 hours in the second. The patients were given the minimal daily fluid requirement (2,000 ml/day) in the form of dextrose 5% in 0.2% saline. The amount of transfusion was adjusted according to the response of the mean arterial pressure, central venous pressure and left atrial pressure. If the urine output was less than 30 ml/hr, 25 g of mannitol was administered. If this was not successful, 20-mg doses of frusemide (Lasix) were given intravenously.
Early and late postoperative circulatory complications are shown in table IV. One other patient in this series died of a cerebrovascular accident on the 2nd postoperative day. effectively because it is poorly oxygenated. Continued ischaemifl causes the area of necrosis to expand at the expense of the ischaemic zone. The aim of emergency revascularization is to improve the blood supply to areas where irreversible necrosis has not yet occurred.
When myocardial contractility is depressed the l.v.e.d.p. becomes elevated and pulmonary congestion occurs; this, together with the ventilation perfusion inequalities resulting from a decrease in pulmonary Hood flow, causes arterial hypoxaemia (Valencia and Burgess, 1969; Pain, Stannard and Sloman, 1967) . Myocardial ischaemia predisposes to conduction defects and ventricular arrhythmias which are aggravated by hypoxaemia and acidaemia. Fast arrhythmias (DeSanctis, Block and Hutter, 1972) reduce the diastolic time interval which is an important factor determining coronary blood flow. Slow arrhythmias (Rotman et al., 1972) increase the diastolic filling interval, as a larger stroke volume will be necessary to maintain adequate cardiac output. Patients with marginal myocardial reserve are not able to generate such a stroke volume, so that cardiac dilation and failure occur. Furthermore, all arrhythmias increase myocardial oxygen consumption at a time when oxygen availability is limited.
In emergency situations there is no time to discontinue beta-adrenergic blocking agents; these may First Late 48 hours complications 
DISCUSSION
The common pathology in all these patients is a decreased amount of oxygen available to the ischaemic areas of the myocardium. When ischaemia to the myocardium is severe or prolonged, the affected area undergoes necrosis (infarction); if extensive this may be complicated by acute ventricular failure. The area of infarction is surrounded by an area in which dehydrogenase activity is reduced (Lushnikov, 1963) . This area separates the normal tissue from the centre of the infarcted region. It is called the "twilight zone" (Edwards, 1969) or the zone of marginal perfusion (Weissler, 1969) . This zone does not contract lead to ineffective myocardial contractions and hypotension after withdrawal of pump support (Viljoen, Estafanous and Kellner, 1972) . We have shown that anaesthesia can have a salutary effect until the graft is functioning. The Paoj values are greatly improved after artificial ventilation. Signs of myocardial ischaemia in the e.c.g. (level of the S-T segment) are decreased, and arrhythmias become less frequent or disappear completely ( fig.  2 ) (Estafanous and Viljoen, 1974) . Myocardial revascularization is a rational therapeutic approach to the acutely hypoxic myocardium. Once the site of coronary occlusion has been identified by coronary cine-angiography, and surgical intervention deemed justifiable, no time should elapse between the decision to operate and the operation itself.
It is probable that with each passing minute more myocardial cells in the area of marginal perfusion will be irreversibly necrosed. Intra-aortic balloon counterpulsation either as a means to improve coronary perfusion or to support the circulation prior to surgery was not used in our series.
The induction of anaesthesia with large doses of intravenous morphine (Lowenstein, 1971 ) is considered inappropriate in fhis group of patients. Hypotension during the protracted induction, increased fluid requirements (Stanley, Gray and Isem-Amaral, 1974) , hypertension when surgery commences, and unreliable amnesia are considered to bt major drawbacks of this technique.
The hypotension recorded in our series occurred in 4 patients with impending infarction following the use of tubocurarine. Despite the report that diazepam (McOish, 1966) causes less myocardial depression than does thiopentone, 8 patients with established infarctions developed hypotension during induction with this drug.
In 6 patients the hypotension was corrected by the rapid infusion of 200-300 ml of Ringer's Lactate in a head-down position. On four occasions rapid endotracheal intubation was necessary; reflex activity initiated by this manoeuvre restoring the arterial pressure to the preinduction value.
Two patients with established infarctions developed severe hypotension which failed to respond to the usual corrective measures and cardiopulmonary bypass was instituted as rapidly as possible.
Suxamethonium is used only in patients with full stomachs, because of its tendency to cause arrhythmias (Coopennan, Strobel and Kennell, 1970) . We have continued to use analgesic concentrations of methoxyflurane as part of our main- tenance of anaesthesia (Viljoen, 1970) . There have been no overt renal problems when the agent is employed in the manner described. If there is any history of renal disease, however, intermittent small doses of narcotics (morphine or papaveretum) were used as analgesic supplements to the nitrous oxygen/tubocurarine combination. Left atrial pressure is a sensitive guide to the ability of the left ventricle to handle the circulating blood volume, and should isolated right or left heart failure occur, the comparison of left atrial pressure and central venous pressure will provide valuable information. After successful bypass grafting the blood supply to the myocardium is immediately improved; whether available oxygen is similarly increased will depend largely on the systemic arterial oxygen content.
Postoperative hypoxaemia is frequently encountered following cardiac surgery particularly when cardiopulmonary bypass is used (Hedley-Whyte et al., 1965; Mcdenahan, Sykes and Young, 1963) . If the patient is allowed to breathe spontaneously, the arterial oxygen content may be reduced to dangerous levels, thus controlled intermittent positive pressure ventilation is used routinely in all patients for at least 24 hours after the operation.
A further benefit of having the trachea intubated is that if by any chance circulatory collapse occurs, the presence of an endotracheal tube greatly facilitates resuscitative efforts (Viljoen, 1968) .
Arterial systemic hypertension is observed frequently (33%) in the immediate postoperative period in elective coronary artery surgery. This increase in pressure is not associated with an increase in central venous or left atrial pressure, with signs of hypervolemia, or renal dysfunction. It is not related to the anaesthetic agent administered or to the preoperative blood pressure. The increase in arterial pressure is reported (Estafanous et al., 1973) in patients with normal blood gases, adequately sedated, synchronized with the ventilator, not shivering, and with no neurological complications. Immediate control of hypertensive episodes may prevent acute left ventricular failure, cerebrovascular accidents and excessive bleeding.
Postoperative hypotension is an ever present hazard. The availability of all monitoring information for the first 24 hours after operation enables us to treat hypotension specifically as described above. Vasopressors are considered undesirable as they increase the peripheral resistance, increase myocardial work and oxygen consumption, and decrease tissue perfusion (Sarnoff et al., 1958) .
Postoperative myocardial infarction can occur despite successful myocardial revascularization. This may be the result of coronary artery spasm (Viljoen and Gindi, 1971 ) because of increased sympathetic activity precipitated by pain, apprehension, and anxiety. The incidence of this complication may be reduced by maintaining a stable arterial pressure and treating arrhythmias promptly; ensuring an adequate oxygen supply to the myocardium by close attention to postoperative ventilation; providing adequate analgesia and sedation, and the deliberate use of coronary vasodilators.
Nitroglycerin is used during and after surgery. As atherosclerosis can affect arteries beyond the point at which they can be grafted, there is a theoretical argument to be made for a drug which dilates the smaller vessels. Nitroglycerin increases blood flow in the coronary arteries beyond the points of narrowing (Fam and McGregor, 1964; Fam et al., 1966) and it also dilates collaterals; the myocardial oxygen tension in the areas of distribution of the occluded vessels will thus be increased. Many components of the response to nitroglycerin, namely decrease in cardiac size (Bousvaros, Campbell, and McGregor, 1966) decrease in venous return (Gorlin et al., 1959) decrease in pulmonary and systemic arterial pressure and rate of ventricular contraction (Darby and Aldinger, 1960) will decrease the myocardial oxygen consumption (Robin et al., 1967) . When improved tissue perfusion is required during cardiopulmonary bypass, nitroglycerin has the advantages of being both a systemic and a coronary vasodilator. It has a short duration of action and there will be no residual effect on the arterial pressure when bypass is terminated.
To avoid a severe reduction in systemic arterial pressure the drug must be administered cautiously while ensuring that the blood volume is adequate.
It should be emphasized that only the closest co-operation between the anaesthesia and surgical teams, the pump perfusionists, and nursing personnel will keep the hospital mortality at an acceptable level.
